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202 \l RECEIVE DATA FROM ACCELEROMETER SENSOR.

204 —__| DETERMINE DISTANCE BETWEEN CURRENT POINT AND LAST POINT
BASED ON ACCELEROMETER DATA.

COMPARE DISTANCE MOVED TO THRESHOLD DISTANCE TO DETERMINE
206 = |F DISTANCE MOVED WAS SUFFICIENT FOR BEING CLASSIFIED AS STEP
OCCURRING DURING INTERVAL.

210 —__| INCREMENT STEP COUNTER TO INDICATE THAT STEP HAS OCCURRED IF
DISTANCE MOVED EXCEEDS THRESHOLD DISTANCE.

212 —_| APPLY MAXIMUM STEPS PER MINUTE CAN TO CAP THE STEP COUNTER
TO MITIGATE POTENTIAL EFFECTS OF NOISY DATA.

214 —_|

DETERMINE WHETHER USER IS ACTUALLY MOVING IN CONSISTENT WITH
WALKING OR RUNNING.

216 —_|

DETERMINE TARGET BEATS PER MINUTE BASED ON DURATION OF USER
MOVEMENT AND STEPS PER MINUTE IN ONE OR MORE AGGREGATION
INTERVALS.
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1
SENSOR-DRIVEN AUDIO PLAYBACK
MODIFICATION

CROSS-REFERENCE TO RELATED
APPLICATION

The current application is claims priority under 35 U.S.C.
§119(e) to U.S. provisional application No. 61/821,104 filed
on May 8, 2013, the disclosure of which is incorporated
herein by reference.

TECHNICAL FIELD

The subject matter described herein relates to playback of
audio media with one or more modifications that can be
prompted by data provided by one or more sensors.

BACKGROUND

Music can be an important part of an exercise or other
physical activity routine for many people. For example, run-
ners, weight lifters, participants in aerobic exercises, users of
cardiovascular exercise machines (e.g. stair steppers, station-
ary bicycles, elliptical motion machines, and the like), etc.
frequently listen to music while participating in such activi-
ties. Music can help alleviate boredom, and a particularly
motivational or inspirational song or group of songs can be
helpful in maintaining focus and improving performance.
However, while a user can assemble a group of songs (also
referred to as a playlist or “mix”) using one or more sources
such as a personal music collection, an online music stream-
ing service, or the like, such playlists generally lack the ability
to react to the specifics of the physical activities that the user
is performing at any given time.

SUMMARY

To address the above-noted and possibly other deficiencies
in currently available approaches, and also to provide one or
more advantages including but not limited to those contem-
plated herein, implementations of the current subject matter
can include features that incorporate use of input data from
one or more sensors that measure one or more parameters
representative of a current state of physical activity of a user
to dynamically modify one or more aspects of playback of
music or other audio content item to which the user is listen-
ing. Non-limiting examples of a system that can implement
an implementation of the current subject matter include smart
phones or other portable electronic devices that either include
or receive data from (e.g. over wired or wireless communica-
tions links) one or more sensors, which can include but are not
limited to, global positioning system (GPS) transceivers or
other location determination devices, accelerometers, gyro-
scopes, compasses, heart-rate monitoring devices, calorie-
consumption monitoring devices, or the like.

In one aspect of the current subject matter, a method
includes receiving sensor data generated by one or more
sensors, identifying that a modification to an audio content
item being supplied to a user by a digital content playback
device is indicated, and making the modification to the audio
content item. The identifying includes applying an algorithm
based on the sensor data.

In optional variations, one or more of the following fea-
tures can be included in any feasible combination. The modi-
fication can include changing from the current audio content
item to a different audio content item. The different audio
content item can have a different intensity criteria than the
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current audio content item. The different intensity criteria can
include at least one of a different beats per minute, a different
intensity level, and a different motivational level. The modi-
fication can include continuing to play the current audio con-
tent item, and changing from a current beats per minute of the
current audio content item to a different beats per minute by
speeding up or slowing down the current beats per minute.
The one or more sensors can include at least one of a global
positioning system (GPS) transceiver; a location determina-
tion device, an accelerometer sensor, a gyroscope, a compass,
a heart-rate monitoring device, and a calorie-consumption
monitoring device. Alternatively, the one or more sensors can
include two or more of the options listed, such as for example
an accelerometer and a heart rate monitor. The algorithm can
include determining a distance traveled by the user over a
measurement interval based on data from the one or more
sensors, which can include an accelerometer sensor. The
measurement interval can be sufficiently short to capture no
more than a single step. The algorithm can also include incre-
menting a step counter if the distance traveled exceeds a
threshold distance for classifying as the distance traveled as a
step, and determining a target beats per minute to which the
current audio content item should be modified or maintained
based on a duration of user movement and the step counter for
a current aggregation interval. The current aggregation inter-
val can aggregate values from a plurality of measurement
intervals including the measurement interval.

Implementations of the current subject matter can include,
but are not limited to, methods consistent with the descrip-
tions provided herein as well as articles that comprise a tan-
gibly embodied machine-readable medium operable to cause
one or more machines (e.g., computers, etc.) to result in
operations implementing one or more of the described fea-
tures. Similarly, computer systems are also described that
may include computer hardware such as one or more proces-
sors and one or more memories coupled to the one or more
processors. A memory, which can include a computer-read-
able storage medium, may include, encode, store, or the like
one or more programs that cause one or more processors to
perform one or more of the operations described herein. Com-
puter implemented methods consistent with one or more
implementations of the current subject matter can be imple-
mented by one or more data processors residing in a single
computing system or multiple computing systems. Such mul-
tiple computing systems can be connected and can exchange
data and/or commands or other instructions or the like via one
or more connections, including but not limited to a connec-
tion over a network (e.g. the Internet, a wireless wide area
network, a local area network, a wide area network, a wired
network, or the like), via a direct connection between one or
more of the multiple computing systems, etc.

The details of one or more variations of the subject matter
described herein are set forth in the accompanying drawings
and the description below. Other features and advantages of
the subject matter described herein will be apparent from the
description and drawings, and from the claims. The claims
that follow this disclosure are intended to define the scope of
the protected subject matter.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, show certain aspects
of the subject matter disclosed herein and, together with the
description, help explain some of the principles associated
with the disclosed implementations. In the drawings,
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FIG. 1 shows a diagram illustrating aspects of a system
showing features consistent with implementations of the cur-
rent subject matter;

FIG. 2 shows a process flow diagram illustrating aspects of
a method having one or more features consistent with imple-
mentations of the current subject matter;

FIG. 3 shows a table listing examples of threshold distance
and maximum steps per minute scaling factors consistent
with implementations of the current subject matter; and

FIG. 4 shows a process flow diagram illustrating aspects of
a method having one or more features consistent with imple-
mentations of the current subject matter.

When practical, similar reference numbers denote similar
structures, features, or elements.

DETAILED DESCRIPTION

Use of portable devices for playback of digital audio con-
tent has become increasingly common. In addition to dedi-
cated devices, such as for example early generation versions
of the iPod™ available from Apple Computer, Inc., cellular
phones, smart phones, tablet computing devices, and the like
are almost ubiquitous. Such devices, which are referred to
herein as digital content playback devices, are generally
capable of playing digital audio content that is stored on a data
storage device (such as for example flash memory, a magnetic
hard drive, optical media, etc.), which can optionally be inter-
nal to the digital content playback device 102. In addition,
many currently available digital content playback devices of
this type are also capable of streaming music over network
connection from a server computer. Such a network connec-
tion can optionally include one or more of the Internet, a wide
area wireless network (e.g. a cellular service network), a local
area wireless network (e.g. a WiFi connection based on one or
more 802.11 protocols), or other radio or optical communi-
cation links (e.g. Bluetooth, infrared, etc.). For the purposes
of'this disclosure, the term audio content item refers generally
to amusic file, other digital audio content, etc. that the digital
content playback device 102 processes to produce audible
playback of the included content to a user of the digital
content playback device 102.

FIG. 1 shows a diagram 100 illustrating features that can be
present in a system or systems capable of providing one or
more features consistent with implementations of the current
subject matter. A digital content playback device 102 can
include at least one programmable processor 104 as well as at
least one data storage device 106, which can include any kind
of data storage device, including but not limited to those
mentioned above. The digital content playback device 102
can also include at least one network transceiver 110 via
which the digital content playback device 102 can communi-
cate over a network 112 with amedia server 114. The network
112 can include any of the options discussed above or their
functional equivalents in any feasible combination, and the
network transceiver 110 can include one or more of a WiFi
transceiver, a cellular transceiver, or the like for sending and
receiving data in communication with the media server 114
over the network 112.

The media server 112 can be implemented on one or more
programmable machines that include one or more processors.
Insome examples, the media server 112 can include a “cloud”
based music service. In other examples, the media server 112
can include a networked machine situated within a smaller-
scale network, such as for example a home or commercial
network. Consistent with other implementations of the cur-
rent subject matter, audio content played by the digital con-
tent playback device 102 can be stored locally at the digital
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content playback device 102, for example in the data storage
device 106 or other storage or memory internal to or associ-
ated with the digital content playback device 102. For
example, a digital content playback device 102 having a hard
drive, flash storage, random access memory, read-only
memory, SD card, or the like that locally stores audio content
can use that locally stored audio content for playback consis-
tent with one or more of the approaches discussed herein.

The digital content playback device 102 can optionally
include one or more internal sensors 116, and can in some
implementations of the current subject matter receive input
data from one or more externals sensors 120. The internal
sensors and external sensors can include one or more of
global positioning system (GPS) transceivers or other loca-
tion determination devices, accelerometers, gyroscopes,
compasses, heart-rate monitoring devices, calorie-consump-
tion monitoring devices, or the like. In an example, internal
sensors 116 can include a GPS transceiver, an accelerometer
or accelerometer sensor, a gyroscope or gyroscopic sensor,
and a compass, and external sensors 120 can include one or
both of a heart rate sensor and a calorie consumption device.
Asused herein, an accelerometer sensor refers to a device that
measures movement and gravity, as well as an angle of ori-
entation. The internal sensors 116 can communicate with the
programmable processor 104 over an internal communica-
tion bus of the digital content playback device 102 or via any
feasible connections. External sensors 120 can communicate
with the programmable processor 104 over a communication
path than can include a Bluetooth connection, an infrared
connection, an RFID connection, some other kind of wireless
communication link, a wired connection, or the like. The term
“sensors” is used throughout the reminder of this disclosure
to refer interchangeably to internal sensors 116 and external
sensors 120 unless a contrary usage is explicitly indicated.
The programmable processor 104 can execute an audio con-
tent modification module or program (referred to herein as a
decision making module or DMM), which can optionally be
an “app,” a web application (e.g. application software that
runs in a web browser or is created in a browser-supported
programming language, such as one or more of JavaScript,
HTML, CSS, etc., and that relies on a common web browser
to render the application), a native application (e.g. an appli-
cation program that has been developed for use on a particular
platform or device), or the like. The digital content playback
device 102 can also include a display device (e.g. a screen) for
displaying information to the user and one or more input
devices (e.g. a touch screen, a stylus, one or more buttons or
keys, a touch or mechanical keyboard, etc.) for receiving
input from the user.

While a user is receiving (e.g. listening to playback of) an
audio content item supplied by the digital content playback
device 102 and using the DMM, the data received from the
sensors (“sensor data”) can be stored in the data storage
device 106 and thereby retained on the digital content play-
back device 102 for later analysis. Optionally, the sensor data
can be transmitted to a networked storage. In some examples,
data transmitted to a networked storage is anonymized or
alternatively stored in a secure manner to maintain privacy of
the user. The stored sensor data can be stored at some storage
oranalysis interval that is useful for making determinations of
actions to be taken in response to a physical or physiological
state of the user, a level of activity of the user, etc. For
example, a sensor data storage interval can optionally be one
second, 5 seconds, 10 seconds, etc. When the sensor data are
generated at a finer time interval than the storage or analysis
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interval, the data can be aggregated in some manner, for
example by averaging over the longer storage or analysis
interval, etc.

Periodically, the retained sensor data can be analyzed to
estimate a current level of physical performance of the user
and to determine if some change in the supplied audio content
is indicated. While not an exhaustive list, examples of actions
that can be taken to cause a change in the supplied audio
content can include one or more of changing a number of
beats per minute (BPM) of musical audio content being sup-
plied, inserting a motivational additional audio track that
overlays the currently supplied audio content item (e.g. a
“voice-over” reading an inspirational or motivational state-
ment, quotation, or the like), skipping to a higher or lower
intensity part of a group of songs or within a continuous
“mix” of songs, etc. A higher or lower intensity song or other
audio content item can include a higher or lower beats per
minute, or alternatively can meet other criteria or classifying
features relating to higher of lower intensity, or more or less
motivational, etc. Such criteria can be pre-defined (e.g. stored
in a library or other database based on settings defined glo-
bally) for individual audio content items or groups of audio
content items. Alternatively or in addition, criteria can be
defined or modified for content items or groups of content
items based on user input, which can be received via a user
interface on the digital content playback device 102, viaa web
interface (e.g. using a browser on another device, such as a
computer a tablet, etc. or on the digital content playback
device 102 itself), or by any other approach.

The number of BPM of a currently playing audio content
item can be dynamically changed, either by gradually
increasing or decreasing the BPM within an audio content
item (e.g. by “speeding it up” or “slowing it down”). Alter-
natively, the BPM can be changed by transitioning to a dif-
ferent song or track (e.g. a different audio content item) with
a different BPM, etc. The change can (but is not required to)
be gradual such that the BPM is not changed suddenly or too
frequently, and only after it is determined that the user has
altered his or her pace for a reasonable and configurable
amount of time. The change in BPM is also advantageously
completed neither too quickly nor too slowly, and is com-
pleted to as closely as possibly synchronize with intended
actions of the user. Adjustments to the BPM of audio content
being played for the user can be

One measure of a running or walking user’s pace, which
can be used consistent with some implementations of the
current subject matter, is a calculation of a number of steps
per minute. This calculation can be based on data received
from an accelerometer sensor, for example one that is internal
to or otherwise in communication with the digital content
playback device 102. FIG. 2 shows a process flow chart 200
illustrating features consistent with a representative (but non-
limiting) approach to such a calculation. At 202 data are
received from the accelerometer sensor for a measurement
interval, which can optionally be fixed. The measurement
interval can in one example be in a range of 5 to 50 millisec-
onds, or optionally approximately 10 milliseconds. In gen-
eral, the measurement interval is chose to be sufficiently short
such that no more than a single step can occur during the
measurement interval. The receiving can optionally occur in
response to a periodic querying (e.g. pinging or otherwise
contacting) of the accelerometer sensor by a programmable
processor 104 of the digital content playback device 102.

At 204, a distance between a current point and a last point
is determined based on the accelerometer data. For example,
the accelerometer sensor can return a distance moved over the
measurement interval in 202. The distance moved is com-
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pared to a threshold distance at 206 to determine if the dis-
tance moved was sufficient for being classified as a step
occurring during the measurement interval. The threshold
distance can be a customizable, scalar setpoint that can be
entered manually or determined by the digital content play-
back device 102 for a user of the digital content playback
device 102. The comparing of the distance moved to the
threshold distance can be accomplished in some examples by
calculating the dot product of the distance moved vector with
itself and comparing this dot product to a scalar threshold
value. At210, a step counter is incremented by one to indicate
that a step has occurred if the distance moved exceeds the
threshold distance. At 212, a maximum steps per minute can
be applied to cap the value of the step counter to mitigate
potential effects of noisy data. For example, the maximum
value can be set at some number of steps per minute that no
human could reasonably exceed.

To convert steps per minute into a target beats per minute
value for the audio content playback, an additional calcula-
tion can be performed to determine at 214 whether the user is
actually moving in a manner consistent with walking or run-
ning. In one example, two parallel tables (e.g. a primary table
and a secondary table) can be created. Each of the parallel
tables can track one or more of time intervals, the number of
total steps taken since a start of data recording and a number
of steps taken in a last defined aggregation interval (e.g. a 5
second aggregation interval or a defined time aggregation
interval of another length). The primary and secondary tables
can be used to enhance the user experience by ensuring that
changes in the audio content playback is not improperly influ-
enced by temporary stops in movement. In other words, by
use of two tables, skewing of the beats per minute calculations
as a result of pauses in movement (which can negatively
impact the user experience) can be avoided.

If the number of steps taken in the most recent aggregation
interval is below a cadence threshold, the secondary table
does not increment. The cadence threshold can be defined as
aminimum number of steps required to establish that the user
is actually running or walking (e.g. resting, stopped at an
intersection, performing other activities, etc.). If the number
of steps taken in the most recent aggregation interval is at or
above the cadence threshold, the secondary table is incre-
mented. The first table increments for each aggregation inter-
val. Because the second table only increments if the cadence
threshold is exceeded, the first table is used for the current
steps per minute unless the number of steps for the aggrega-
tion interval is below the cadence threshold. When that con-
dition occurs, the previous, unincremented value in the sec-
ond table is used as the current steps per minute.

At 216, a target beats per minute is determined based on a
duration over which the user is determined to have been
moving and the number of steps per minute in a current
aggregation interval and/or at least one prior aggregation
interval. In an illustrative but non-limiting example, if the
time interval indicates the user has been moving for less than
a minute, the target beats per minute is the number of steps
taken in the interval multiplied by the duration of the time
interval (in seconds) divided by 60 seconds in a minute. Ifthe
user has been moving for more than a minute, the target beats
per minute is the number of total steps taken in the current
aggregation interval subtracted from the number of total steps
taken at a prior aggregation interval some period of time prior
to the current interval (e.g. 60 seconds or 12 intervals prior for
a 5 second interval). Both calculations can be bounded by
upper and lower caps as defined by user input, by one or more
predefined values (e.g. defined within the DMM app, etc.), or
the like.
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Values for the threshold distance and the maximum steps
per minute can optionally be set initially based on the user’s
indication of where the digital content playback device 102 is
held during exercise. For example, if the digital content play-
back device 102 is held in the user’s pocket, the threshold
distance can be in a range of approximately 0.68 to 0.72, or
optionally approximately 0.70, and the maximum steps per
minute can be in a range of approximately 3.2 to 3.4 or
optionally approximately 3.3. If the digital content playback
device 102 is held in the user’s hand, the threshold distance
can be in a range of approximately 0.76 to 0.80, or optionally
approximately 0.78, and the maximum steps per minute can
be in a range of approximately 3.4 to 3.6, or optionally
approximately 3.5. If the digital content playback device 102
is secured on or otherwise attached to an armband worn by the
user, the threshold distance can be in a range of approximately
0.84 t0 0.88, or optionally approximately 0.86, and the maxi-
mum steps per minute can be in a range of approximately 3.4
to 3.6, or optionally approximately 3.5.

The threshold distance and the maximum steps per minute
can optionally also or alternatively be abstracted into a “sen-
sitivity” setting that is capable of altering these values using
scaling factors, such as for example on a range of 1 to 10. The
scaling factors to be used can be determined based on user
input, some automated calibration process, or the like. For
example, the DMM can direct the user of the digital content
playback device 102 to take a prescribed number of steps or to
perform some other set of movements and can measure accel-
erometer sensor responses as the user performs the directed
activities. Based on the accelerometer sensor responses,
appropriate scaling factors for the user can be determined. In
an example of a scaling range of 1 to 10, FIG. 3 shows a table
300 listing possible scaling factors that can be used for the
threshold distance and maximum steps per minute.

Using a collection of historical sensor data for the user and
historical user responses to previous modifications in the
supplied audio content that can be accumulated over multiple
instances of physical activity while using features described
herein, response parameters for how the supplied audio con-
tent is changed in response to sensor data can be adapted to
provide improved motivational value relative to the historical
impact of such changes on the user’s actions. For example, a
default parameter for changing the BPM ofthe supplied audio
content can be to cause a 5% increase in BPM if the user is
detected to have fallen off of a target pace by 5%. However, if
the historical sensor data and historical user responses to
previous modifications in the supplied audio content so indi-
cate, a greater or smaller change in the BPM can be supplied.
In this manner, the DMM can not only make changes in the
supplied audio content to improve the motivational value of
the supplied audio content but can also “learn” the types and
magnitude of such changes that can provide the greatest moti-
vational value for a given user. In addition to being able to
learn by analyzing changes in the supplied audio content and
the effects of such changes on user performance, the DMM
can also receive direct user input via the user input device 124.
For example, the user can indicate that a given song or group
of songs was motivational or that an executed change in the
BPM or other modification of the supplied audio content was
helpful or not (or more or less helpful based on some scale),
etc. Historical data can also be used in conjunction with a
specific song or mix or playlist of songs. For example, if there
is a history of one or more BPM increases or decreases or
perceived user actions or received user inputs for a specific
song or mix or playlist of songs, a pattern recognition module
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can identify similar sensor data in a later use of the digital
content playback device 102 and can seek to duplicate the one
or more actions.

Changes to the BPM can optionally be as a percentage of
the current BPM or as some absolute increase or decrease,
and can be continuous or stepwise. Similarly, the DMM can
include functionality for requesting that a user input one or
more goals for a physical activity session (e.g. via the display
device 122 and input device 124) and can use these goals as
inputs for deciding how to modify the supplied audio content.
For example, if the user goal is to run a half marathon in less
than 2 hours, a projected desired pace can be determined, and
the BPM can be changed or other actions taken to modify the
supplied audio content if the sensor data indicate that the user
is moving too fast or too slow relative to the desired pace.
Using additional sensor data, such as for example GPS data in
conjunction with mapping data, accelerometer data, heart rate
data, etc. the modifications to the supplied audio content can
be further refined to account for a current user situation. For
example, if the user is currently climbing a hill and dropping
below the target pace (optionally by some tolerance amount)
the BPM can be increased to provide additional motivation.
However, if the heart rate data indicates that the user may be
laboring (e.g. an excessively high heart rate), the BPM can be
slowed to better reflect the current possible pace.

Supplied audio content can be catalogued according to one
or more factors or rankings reflecting a motivational value of
the content or an intensity value of the content. The rankings
or cataloguing can reflect one or more of results from sensor
data relative to user outcomes (e.g. by aggregating anony-
mized data from multiple users, possibly at a central server
receiving such data from a number of digital content playback
devices 102 used by different users), based on user input (e.g.
“please rank this content on a scale), based on one or more
measurable aspects of the content (e.g. motivational lyrics,
musical features such as building to a crescendo, etc.), or the
like.

FIG. 4 shows a process flow chart 400 illustrating features
of'a method consistent with an implementation of the current
subject matter. One or more of these features can be included
in other implementations. At 402, sensor data generated by
one or more sensors is received by a programmable processor
104. In an advantageous implementation, the programmable
processor 104 is part of a digital content playback device 102,
such as for example a smart phone, etc. Alternatively, the
programmable processor can be part of a server or other
remote computer that receives the sensor data over a network.

The sensor data can be representative of one or more of a
location, a speed, an angle of incline etc. of the digital content
playback device 102, and by extension, of a user of the digital
content playback device 102. In addition or alternatively, the
sensor data can be representative of one or more physiologi-
cal parameters (e.g. a heart rate, a calorie burn rate, a blood
pressure, a body temperature, a brain activity level, etc.) of the
user. At 404, an algorithm is applied based on sensor data
from at least a current analysis period to identify that a modi-
fication to audio content being supplied to the user by the
digital content playback device 102 is indicated. As discussed
above, the modification can be indicated for a variety of
reasons, which can generically be referred to as factors
indicative of a current level of performance of a physical
activity by the user that is outside of a preferred set of param-
eters. At 406, the sensor data from the current analysis period
can also be stored on a data storage device 106, which can be
included on the digital content playback device 102 or
accessed over a network. At 410, the modification is made to
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the supplied audio content in response to the indication. The
modification can include one or more factors as discussed
above.

One or more aspects or features of the subject matter
described herein can be realized in digital electronic circuitry,
integrated circuitry, specially designed application specific
integrated circuits (ASICs), field programmable gate arrays
(FPGAs) computer hardware, firmware, software, and/or
combinations thereof. These various aspects or features can
include implementation in one or more computer programs
that are executable and/or interpretable on a programmable
system including at least one programmable processor, which
can be special or general purpose, coupled to receive data and
instructions from, and to transmit data and instructions to, a
storage system, at least one input device, and at least one
output device. The programmable system or computing sys-
tem may include clients and servers. A client and server are
generally remote from each other and typically interact
through a communication network. The relationship of client
and server arises by virtue of computer programs running on
the respective computers and having a client-server relation-
ship to each other.

These computer programs, which can also be referred to
programs, software, software applications, applications,
components, or code, include machine instructions for a pro-
grammable processor, and can be implemented in a high-level
procedural language, an object-oriented programming lan-
guage, a functional programming language, a logical pro-
gramming language, and/or in assembly/machine language.
As used herein, the term “machine-readable medium” refers
to any computer program product, apparatus and/or device,
such as for example magnetic discs, optical disks, memory,
and Programmable Logic Devices (PLDs), used to provide
machine instructions and/or data to a programmable proces-
sor, including a machine-readable medium that receives
machine instructions as a machine-readable signal. The term
“machine-readable signal” refers to any signal used to pro-
vide machine instructions and/or data to a programmable
processor. The machine-readable medium can store such
machine instructions non-transitorily, such as for example as
would a non-transient solid-state memory or a magnetic hard
drive or any equivalent storage medium. The machine-read-
able medium can alternatively or additionally store such
machine instructions in a transient manner, such as for
example as would a processor cache or other random access
memory associated with one or more physical processor
cores.

Further to the description above, to provide for interaction
with a user, one or more aspects or features of the subject
matter described herein can be implemented on a computing
device (e.g. a digital content playback device 102) having a
display device 122, such as for example a cathode ray tube
(CRT) or a liquid crystal display (LCD) or a light emitting
diode (LED) monitor for displaying information to the user
and a keyboard and a pointing device, such as for example a
mouse or a trackball, by which the user may provide input to
the digital content playback device 102. Other kinds of
devices can be used to provide for interaction with a user as
well. For example, feedback provided to the user can be any
form of sensory feedback, such as for example visual feed-
back, auditory feedback, or tactile feedback; and input from
the user may be received in any form, including, but not
limited to, acoustic, speech, or tactile input. Possible input
devices 124 include, but are not limited to, touch screens or
other touch-sensitive devices such as single or multi-point
resistive or capacitive trackpads, voice recognition hardware
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and software, optical scanners, optical pointers, digital image
capture devices and associated interpretation software, and
the like.

The subject matter described herein can be embodied in
systems, apparatus, methods, and/or articles depending on
the desired configuration. The implementations set forth in
the foregoing description do not represent all implementa-
tions consistent with the subject matter described herein.
Instead, they are merely some examples consistent with
aspects related to the described subject matter. Although a
few variations have been described in detail above, other
modifications or additions are possible. In particular, further
features and/or variations can be provided in addition to those
set forth herein. For example, the implementations described
above can be directed to various combinations and subcom-
binations of the disclosed features and/or combinations and
subcombinations of several further features disclosed above.
In addition, the logic flows depicted in the accompanying
figures and/or described herein do not necessarily require the
particular order shown, or sequential order, to achieve desir-
able results.

Inthe descriptions above and in the claims, phrases such as
“at least one of” or “one or more of” may occur followed by
a conjunctive list of elements or features. The term “and/or”
may also occur in a list of two or more elements or features.
Unless otherwise implicitly or explicitly contradicted by the
context in which itused, such a phrase is intended to mean any
of the listed elements or features individually or any of the
recited elements or features in combination with any of the
other recited elements or features. For example, the phrases
“at least one of A and B;” “one or more of A and B;” and “A
and/or B” are each intended to mean “A alone, B alone, or A
and B together”” A similar interpretation is also intended for
lists including three or more items. For example, the phrases
“at least one of A, B, and C;” “one or more of A, B, and C;”
and “A, B, and/or C” are each intended to mean “A alone, B
alone, C alone, A and B together, A and C together, B and C
together, or A and B and C together.”

Use of the term “based on,” above and in the claims is
intended to mean, “based at least in part on,” such that an
unrecited feature or element is also permissible.

The scope of the following claims may include other
implementations or embodiments.

What is claimed is:
1. A method comprising:
receiving sensor data generated by one or more sensors, the
sensor data relating to a user of a digital content play-
back device;
identifying that a modification to a current audio content
item being supplied to the user by the digital content
playback device is indicated; the identifying comprising
applying an algorithm based on the sensor data; and
making the modification to the current audio content item,
wherein the algorithm comprises:
determining a distance traveled by the user over a mea-
surement interval based on data from the one or more
sensors, the measurement interval being sufficiently
short to capture no more than a single step;
incrementing a step counter if the distance traveled
exceeds a threshold distance for classifying as the
distance traveled as a step; and
determining a target beats per minute to which the cur-
rent audio content item should be modified or main-
tained based on a duration of user movement and the
step counter for a current aggregation interval, the
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current aggregation interval aggregating values from
a plurality of measurement intervals including the
measurement interval.

2. A method as in claim 1, wherein the modification com-
prises changing from the current audio content item to a
different audio content item, the different audio content item
having a different intensity criteria than the current audio
content item.

3. A method as in claim 2, wherein the different intensity
criteria comprises at least one of a different beats per minute,
a different intensity level, and a different motivational level.

4. A method as in claim 1, wherein the modification com-
prises:

continuing to play the current audio content item; and

changing from a current beats per minute of the current

audio content item to a different beats per minute by
speeding up or slowing down the current beats per
minute.

5. A method as in claim 1, wherein the one or more sensors
comprise at least one of a global positioning system (GPS)
transceiver; a location determination device, an accelerom-
eter sensor, a gyroscope, a compass, a heart-rate monitoring
device, and a calorie-consumption monitoring device.

6. A method as in claim 1, wherein the one or more sensor
comprise two or more of a global positioning system (GPS)
transceiver; a location determination device, an accelerom-
eter sensor, a gyroscope, a compass, a heart-rate monitoring
device, and a calorie-consumption monitoring device, and
wherein the algorithm uses as inputs data received from the
tWO Or more sensors.

7. A system comprising:

one or more sensors generating sensor data relating to a

user of a digital content playback device; and
computer hardware configured to perform operations com-
prising:
identifying that a modification to a current audio content
item being supplied to the user by the digital content
playback device is indicated; the identifying compris-
ing applying an algorithm based on data from the one
or more sensors; and
making the modification to the current audio content
item, wherein the algorithm comprises:
determining a distance traveled by the user over a
measurement interval based on data from the one or
more sensors, the measurement interval being suf-
ficiently short to capture no more than a single step;
incrementing a step counter if the distance traveled
exceeds a threshold distance for classifying as the
distance traveled as a step; and
determining a target beats per minute to which the
current audio content item should be modified or
maintained based on a duration of user movement
and the step counter for a current aggregation inter-
val, the current aggregation interval aggregating
values from a plurality of measurement intervals
including the measurement interval.

8. A system as in claim 7, wherein the modification com-
prises changing from the current audio content item to a
different audio content item, the different audio content item
having a different intensity criteria than the current audio
content item.

9. A system as in claim 8, wherein the different intensity
criteria comprises at least one of a different beats per minute,
a different intensity level, and a different motivational level.

10. A system as in claim 7, wherein the modification com-
prises:

continuing to play the current audio content item; and
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changing from a current beats per minute of the current
audio content item to a different beats per minute by
speeding up or slowing down the current beats per
minute.

11. A system as in claim 7, wherein the one or more sensors
comprise at least one of a global positioning system (GPS)
transceiver; a location determination device, an accelerom-
eter sensor, a gyroscope, a compass, a heart-rate monitoring
device, and a calorie-consumption monitoring device.

12. A system as in claim 11, wherein the computer hard-
ware receives additional sensor data from at least one addi-
tional sensor and the algorithm is applied also based on the
additional sensor data.

13. A computer program product comprising a non-transi-
tory machine-readable storage medium storing instructions
that, when executed by at least one programmable processor,
cause the at least one programmable processor to perform
operations comprising:

receiving sensor data generated by one or more sensors, the

sensor data relating to a user of a digital content play-
back device;

identifying that a modification to a current audio content

item being supplied to the user by the digital content

playback device is indicated; the identifying comprising

applying an algorithm based on the sensor data; and

making the modification to the current audio content item,

wherein the algorithm comprises:

determining a distance traveled by the user over a mea-
surement interval based on data from the one or more
sensors, the measurement interval being sufficiently
short to capture no more than a single step;

incrementing a step counter if the distance traveled
exceeds a threshold distance for classifying as the
distance traveled as a step; and

determining a target beats per minute to which the cur-
rent audio content item should be modified or main-
tained based on a duration of user movement and the
step counter for a current aggregation interval, the
current aggregation interval aggregating values from
a plurality of measurement intervals including the
measurement interval.

14. A computer program product as in claim 13, wherein
the modification comprises changing from the current audio
content item to a different audio content item, the different
audio content item having a different intensity criteria than
the current audio content item.

15. A computer program product as in claim 14, wherein
the different intensity criteria comprises at least one of a
different beats per minute, a different intensity level, and a
different motivational level.

16. A computer program product as in claim 13, wherein
the modification comprises:

continuing to play the current audio content item; and

changing from a current beats per minute of the current

audio content item to a different beats per minute by
speeding up or slowing down the current beats per
minute.

17. A computer program product as in claim 13, wherein
the one or more sensors comprise at least one of a global
positioning system (GPS) transceiver; a location determina-
tion device, an accelerometer sensor, a gyroscope, a compass,
a heart-rate monitoring device, and a calorie-consumption
monitoring device.

18. A method as in claim 1, wherein the one or more
sensors comprise an accelerometer sensor.

19. A system as in claim 7, wherein the one or more sensors
comprise an accelerometer sensor.
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20. A computer program product as in claim 13, wherein
the one or more sensors comprise an accelerometer sensor.
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